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Abstract. We obtained far-ultraviolet spectra of the Seyfert 
1 galaxy NGC 7469 using the Far Ultraviolet Spectroscopic 
Explorer on 1999 December 6. Our spectra cover the wave- 
length range 990-1187 A with a resolution of - 0.05 A. We 
see broad emission lines of C III, N III, O VI, and He II as well 
as intrinsic absorption lines in the O VI AA1032, 1038 reso- 
nance doublet. The absorption arises in two distinct kinematic 
components at systemic velocities of —569 km s^^ and —1898 
kms^^. Both components are very highly ionized — no signifi- 
cant Ly/3 absorption is present. The higher blueshift component 
is not quite saturated, and it has a total O VI column density of 
8 X 10^^ cm^^. It covers more than 90% of the continuum and 
broad-line emission. The lower blueshift component is heavily 
saturated and covers only ^ 50% of the continuum and broad- 
line emission. It too has a column density of 8 x lO^"' cm^^, 
but this is less certain due to the high saturation. We set an up- 
per limit of < 1.5 X 10^^ cm^^ on the O VI column density 
of this component. Its line depth is consistent with coverage 
of only the continuum, and thus this component may lie inte- 
rior to the broad emission-line gas. The component at —569 
kms~^ has a velocity comparable to the high-ionization X-ray 
absorption lines seen in the XMM-Newton grating spectrum of 
NGC 7469, and photoionization models show that the observed 
column densities of O VI and H I are compatible with their for- 
mation in the same gas as that causing the X-ray absorption. 
The gas at — 1898 km s~ ^ has lower ionization and column den- 
sity, and no significant X-ray absorption is associated with it. 
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1. Introduction 

The Seyfert 1 galaxy NGC 7469 is one of a handful 
of bright, nearby active galactic nuclei (AGN) that has 
been intensively studied at multiple wavelengths and mon- 
itored extensively in the X-ray, UV, and optical bands 
(Wan ders etal. 19971 INandra et al. T9981 IColher et al. 19981 
Ki-iss et al. 2000al . ASCA X-ray spectra CR eynolds 19971 
G eorge et al. 1998) were modeled with absorption edges of 
O VII and O VIII indicative of a warm absorber, and Hub- 
ble Space Telescope Faint Object Spectrograph observations 
show associated UV absorption lines in Lya, N V and C IV. 
Such X-ray and UV absorption is common in Seyfert Is, occur- 
ring in tandem in roughly half the population ( [Reynolds 1997| 
Geor ge etaL 199 8 Crenshaw et al. 1999). The X-ray and UV 
absorbing gas components thus appear to be related, but it 
is not yet clear whether this is the consequence of a more 
general phenomenon linking the gas visible at both wave- 
lengths, or if the absorption arises in the same gas with iden- 
tical physical conditions in both the X-ray and the UV. At 
high resolution, both the X-ray and the UV absorption is 
kinematically complex ( Kaastra et al. 2001 , Kaspi et al.(2000) 



Kaspi et al. 2002^iCrenshaw et al. 1998. .Crenshaw et al. 1999, 



Mathur et al. T999llKriss et al. 2000b> . Generally only some of 
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the UV absorption lines have velocities and physical conditions 
similar to those seen in the X-ray. 

The locations of both the X-ray and the UV absorbing me- 
dia are also highly uncertain. If the outflowing gas originates 
in the accretion disk, then it may be relatively close to the 
central engine (e.g., Konigl & Kart je 199'4||Murray et al. 1995) 
and interior to the broad emission-line region. On the other 
hand, if the absorbing gas is a thermal wind driven off the 
obscuring torus (Krolik & Kriss 1995 , Krolik & Kri ss 200 1> . 
then it will lie at distances of roughly 1 pc, be external to the 
broad-line region, but probably interior to the narrow-line re- 
gion. Studies of the X-ray absorption variability (NGC 3516; 
INetzer et al. 2002t show that at least some of the gas does 
lie at distances approaching 1 pc. Variability of UV absorp- 
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tion in NGC 4151 suggests distances of tens of parsecs for 
the absorbing gas ( |Espey et al. 1998| l, and even greater dis- 
tances for the associated UV absorption seen in some quasars 
JHamann et al. 1995llHa"mann et al. 1997^ . 

Using the Far Ultraviolet Spectroscopic Explorer (FUSE), 
we obtained high-resolution UV spectra below 1200 A cover- 
ing the O VI AA1032, 1038 resonance doublet and the high- 
order Lyman lines. The O VI doublet provides a key link to the 
X-ray band since high energy transitions from the same ion can 
be viewed with XMM-Newton. This permits us to directly com- 
pare the kinematics and the column densities measured in both 
wavelength regions as a crucial test for establishing the link be- 
tween X-ray and UV absorbing gas in Seyferts. XMM-Newton 
observations of NGC 7469 are discussed in a companion paper 
JBlustin et al. 2003> . 

2. Observations 

FUSE observes the far-ultraviolet wavelength range from 91 2- 
1 187 A using four independent optical channels. In each chan- 
nel a primary mirror gathers light for a Rowland-circle spectro- 
graph. Two-dimensional photon-counting detectors record the 
dispersed spectra. Two of the optical trains use LiF coatings 
on the optics to cover the 990-1 187 A wavelength range. The 
other two channels cover shorter wavelengths down to 912 A 
using SiC-coated optics. See pVIoos et al. (2000)| for a full de- 
scription of FUSE and its in-flight performance. 

We observed NGC 7469 with FUSE on 1999 December 
6 through the 30"-square low-resolution apertures. Data were 
obtained on 22 consecutive orbits for a total integration time 
of 37,803 s. Unfortunately the SiC channels were not prop- 
erly aligned; the only detectable flux was in the LiF chan- 
nels. The time-tagged data were processed using vl.8.7 of the 
FUSE calibration pipeline. Sah now et al. (2000)1 describe the 
standard FUSE data processing steps. We added an additional 
customized step to normalize and subtract a flat background 
image from each detector segment. The resulting extracted 
spectra were merged into a linearized spectrum with 0.05 A 
bins. While this rebinning process introduces some correlated 
error, since each of these bins holds ~ 7 original pixels, the re- 
sulting bins are more than 80% statistically independent. Pois- 
son errors and data quality flags are propagated through the 
data reduction process along with the science data. 

To firmly establish the zero-point of our wavelength scale, 
we compare the positions of low-ionization Galactic absorption 
lines from species such as Ar I, Fe II, O I and H2 to the Galac- 
tic 21 cm H I velocity as measured by Murphy et al. (unpub- 
Hshed). This requires a shift of —0.32 A to be applied to our 
wavelengths to place them in a heliocentric reference frame. 
We estimate that the flux scale is accurate to ^^10%, and that 
wavelengths are accurate to ^^15 kms^^. 

The full merged spectrum is shown in the top panel of Fig. 
n Numerous Galactic absorption features obscure much of the 
spectrum, so we have constructed a simple model of the in- 
terstellar absorption to remove them from the spectrum. We 
assume a Galactic H I column of 4.4 x 10^" cm^^ at a he- 



liocentric velocity of —9 kms~^ with a Doppler width of 10 
kms^^. Heavy elements are included at solar abundances fol- 
lowing the depletion pattern typical of warm gas toward C Oph 
(Savage & Sembach 1996 1. Matching the molecular hydrogen 
absorption requires one component with gas at 50 K and a H2 
column density of 1 x lO^*' cm^^, and a second component 
with a temperature of 300 K and a total column density of 
1 X 10^^ cm^^. We show the spectrum of NGC 7469 corrected 
for this foreground absorption in the lower panel of Fig. ^ 
Strong, broad O VI emission dominates the spectrum. Weaker 
broad emission lines of C III A977, N III A991, and He II A1085 
are also visible, as well as several unidentified emission fea- 
tures. The low broad bump on the red wing of O VI is also 
present in the FUSE specti'um of Mrk 509 ( Ki-iss et al. 2000b> 
as well as in the spectra of low-redshift quasars observed using 
the Hubble Space Telescope ( Laor et al. 1995 *). Based on FUSE 
observations of a large sample of low-redshift AGN, Kriss et 
al. (2003) have identified this as blended emission due to S IV 
AA1062, 1072. 

At the high resolution of FUSE, absorption features intrin- 
sic to NGC 7469 are also discernible. Fig. |2] shows the Ly/3 
and O VI region of the spectrum in 0.05 A bins. Here one can 
see two absorption systems due to the O VI AA1032,1038 reso- 
nance doublet in the blue wing of the broad O VI emission line. 
The Ly/3 absorption associated with these systems is weak, if 
present at all, and severely blended with foreground Galactic 
absorption. Similarly, no Ly7 or C III A977 absorption is visi- 
ble at shorter wavelengths. 

3. Analysis 

To measure the emission and absorption line properties of 
NGC 7469, we model the spectrum using the IRAF task 
specf it (IKriss 19 94). We use a reddened power law in fx 
to describe the continuum emission. For extinction, we use a 
ICardeUi et al. (1989)| curve with Ry = 3.1 andE(B-V)=0.069 
jSchlege^^n 99?l. To model the continuum, we use re- 
gions of the spectrum free of both emission and absorption 
lines covering the full observed wavelength range. The best- 
fit, extinction-corrected continuum has the form f\ = (1.34 ± 
0.02) X 10-i3(A/1000A)-i-25±o io ergss-icm-2 A"\ 

To model the O VI emission and absorption, we fix the con- 
tinuum parameters as determined above and restrict our sub- 
sequent fits to the 1033.0-1060.3 A wavelength range. As one 
can see from the models shown in Fig. |2l the O VI emission 
line profile requires both broad and narrow components. We 
model these with Gaussian line profiles. The narrow compo- 
nent is only cleanly visible near the peak of the red component 
of the O VI doublet; strong foreground Galactic H2 absorp- 
tion obscures the corresponding feature near the blue peak. Al- 
though we can only clearly see part of the red portion of the 
narrow doublet, our baseline model assumes that they are opti- 
cally thin with a 2:1 intensity ratio. (Tests using other assump- 
tions are described in our discussion of the absorption line fits 
below.) The broad component is also treated as a doublet with 
two blended Gaussians having a 2:1 intensity ratio. For each 
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Fig. 1. Upper panel: observed FUSE spectrum of NGC 7469 with 0.05 A binning. Lower panel: the FUSE spectrum corrected 
for foreground interstellar absorption. Identified broad emission lines are marked. 



narrow and broad doublet, we require the widths to be identical 
and the wavelengths to have the same ratio as their laboratory 
values. The Cm A977, Niii A991, S iv AA1062, 1072, and 
He II A1085 emission lines are all modeled as single Gaussian 
emission lines. The two components of the S IV doublet have 
identical widths, a fixed flux ratio of 1 : 1 , and wavelengths fixed 
at the ratio of their laboratory value. In addition, we include a 
single Gaussian emission line at the location of the unidentified 
emission feature at 1031 A. Table[T]gives the best-fit parame- 
ters for these emission lines. 

We model absorption lines in the NGC 7469 spectrum us- 
ing Voigt profiles. For the intrinsic absorbers, we permit the 
absorption to partially cover the source. That is, for a cover- 
ing fraction fc, the transmittance at a given wavelength, t{X), 
has the form t{X) = 1 + /c(e"'^(^) - 1), where r(A) is the 
optical depth at that wavelength. The intrinsic absorption lines 
are clustered into two complexes that we designate as #1 (at a 
relative systemic velocity of —569 kms^^) and #2 (at velocity 
— 1898 kms^^). Each of these complexes is modeled with four 
separate blended absorption lines. The O VI lines in each com- 
ponent are treated as doublets with their wavelengths fixed at 



the ratio of their laboratory values, their optical depths fixed at 
a 2: 1 ratio, and their velocity widths forced to be the same. For 
the corresponding Ly f3 lines, we fix their wavelengths at the ra- 
tio of their laboratory values to those of the O VI lines and force 
them to have the same velocity widths. Covering fractions vary 
freely within each complex. The individual O VI lines within 
a complex are forced to have the same velocity widths and the 
same covering fractions. (This assumption is relaxed below in 
an alternative model for the absorption.) Since Ly/3 absorption 
is not even unambiguously detectable, we fix the relative op- 
tical depths of the lines within each complex to be the same 
as the ratios observed for O VI. However, we permit the over- 
all optical depth for each Ly/3 complex to vary freely. Table |2] 
gives the best-fit parameters for this model of the absorption 
lines. Parameters in the table with error bars of zero had their 
values linked to another parameter in the fit. 

Since much of the peak of the O VI emission-line profile is 
obscured by foreground Galactic absorption, we have explored 
the effects that this uncertainty in the true emission-line profile 
might have on our characterization of the absorption lines. We 
consider a wide range of models: 
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Table 1. Emission lines in NGC 7469 



Line 




Flux"* 




Velocity'' 


FWHM 










(km s~^) 


(kms~^) 


C TTT 

Ill 




O 1 o 

y.o ± z 


1 
.i 


071 4- 1 (\C\ 
Z i I ± iDU 




NIII 


991.58 


5.3 ± 1, 


.3 


95 ± 158 


1599 ± 210 


Unknown 


1014.86 


6.5 ± 1, 


.1 


0± 160 


1939 ±518 


VI broad 


1031.93 


85.8 ±4, 


.3 


323 ± 37 


4901 ± 146 


VI broad 


1037.62 


42.9 ± 2, 


.2 


323 ± 37 


4901 ± 146 


VI narrow 


1031.93 


23.5 ± 2, 


.9 


-163 ± 55 


1061 ± 82 


VI narrow 


1037.62 


11.8 ± 1, 


.5 


-163 ± 55 


1061 ± 82 


SIV 


1062.66 


15.5 ± 1, 


.3 


194 ± 142 


7637 ± 251 


SIV 


1072.97 


15.5 ± 1, 


.3 


194 ± 142 


7637 ± 251 


Hell 


1085.15 


3.2 ±0, 


.3 


-47 ± 161 


2575 ± 210 



Observed flux in units of 10 erg cm ^. 

Velocity is relative to a systemic redshift of cz — 4916 km s~ Ide Vaucouleurs et al. 199l| 



Table 2. Absorption lines in NGC 7469 



Feature Comp Avac N,on Av'' FWHM fc 

# (A) (A) (10^^ cm"^) (kms^^) (kms^^) 



Ly/3 


2a 


1025.72 


<0.05 


1.5 ± 


3.4 


-2016 ± 


12 


29 ± 1 


0.93 ±0.03 


Ly/3 


2a 


1025.72 




3.2 ± 


7.3 


-1975 ± 


4 


29 ± 1 


0.93 ±0.03 


Ly/3 


2a 


1025.72 




12.9 ± 


29.5 


-1898 ± 


1 


29 ± 1 


0.93 ±0.03 


Ly/3 


2a 


1025.72 




4.0 ± 


9.1 


-1840 ± 


3 


29 ± 1 


0.93 ±0.03 


Ly/3 


la 


1025.72 


<0.03 


8.2 ± 


4.3 


-627 ± 


5 


25 ±2 


0.53 ±0.05 


Ly/3 


lb 


1025.72 




53.2 ± 


28.1 


-569 ± 


4 


25 ± 2 


0.53 ±0.05 


Ly/3 


Ic 


1025.72 




15.3 ± 


8.1 


-506 ± 


3 


25 ± 2 


0.53 ±0.05 


Ly/3 


Id 


1025.72 




3.9 ± 


2.1 


-431 ± 


5 


25 ± 2 


0.53 ±0.05 


OVI 


2a 


1031.93 


0.48 ± 0.02 


36.1 ± 


16.2 


-2015 ± 


12 


29 ± 1 


0.93 ±0.03 


OVI 


2b 


1031.93 




121.2 ± 


16.3 


-1973 ± 


4 


29 ± 1 


0.93 ±0.03 


OVI 


2c 


1031.93 




494.0 ± 


51.4 


-1898 ± 


1 


29 ± 1 


0.93 ±0.03 


OVI 


2d 


1031.93 




154.4 ± 


16.9 


-1838 ± 


3 


29 ± 1 


0.93 ±0.03 


OVI 


la 


1031.93 


0.23 ±0.02 


76.1 ± 


25.3 


-626 ± 


5 


25 ± 2 


0.53 ± 0.05 


OVI 


lb 


1031.93 




494 7+1.5x10" 

' -167.2 


-569 ± 


4 


25 ± 2 


0.53 ±0.05 


OVI 


Ic 


1031.93 




142.3 ± 


28.2 


-506 ± 


3 


25 ±2 


0.53 ±0.05 


OVI 


Id 


1031.93 




58.7 ± 


15.0 


-432 ± 


5 


25 ±2 


0.53 ±0.05 



" Equivalent widths are integrated over all components of each spectral feature. Upper limits are 2a. 
^ Velocity is relative to a systemic redshift of cz — 4916 km s~^ lde Vaucouleurs et al. 19911 



A. This is our baseline model, described in detail above. The 
narrow emission lines have line ratios fixed at an optically thin 
value of 2:1, and we assume that this narrow line emission is 
obscured at the same covering fraction as the continuum and 
broad emission line. Individual O VI lines within a complex 
have the same velocity widths and covering fractions. 

B. In this model the narrow emission lines are treated the same 
as in "A", but the velocity widths and the covering fractions 
of individual O VI lines within a complex are all permitted 
to vary freely. In these fits, the strongest, deepest absorption 
line in each complex has parameters typical of those found 
in our baseline model. The weaker adjacent lines retain sim- 
ilar widths in these fits, but their best-fit covering fractions do 



change. However, the individual covering fractions are not well 
constrained. Their error bars are typically ±20%, and the new 
values lie within one error bar of the best-fit value in the base- 
line model. 

C. This variation has the narrow emission line fluxes fixed at an 
optically thick ratio of 1 : 1 . The emission is obscured with the 
same covering fraction as the continuum and broad emission 
line. As in the baseline model, individual O VI lines within a 
complex have the same velocity widths and covering fractions. 
In a pattern that repeats with each of the subsequent varia- 
tions below, the best-fit O VI column densities in this model are 
slightly lower, but not more than twice the values of the error 
bars shown in Table |2] While this model significantly changes 
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Fig. 2. FUSE spectrum of NGC 7469 (with 0.05 A bins) in the 
Ly/3/0 VI region is shown as the thin black hne. The overlayed 
color lines show the best fit (model A) as described in the text. 
The thin green line represents the fitted continuum and emis- 
sion components. The thin red line shows the fitted intrinsic ab- 
sorption components. The thin blue line shows the foreground 
Galactic absorption lines. The fight blue lines illustrate the con- 
tinuum and narrow O VI line profiles for the two extreme cases 
we considered, models D and E, which have no narrow line 
emission, or 2:1 narrow-line emission that is not absorbed, re- 
spectively. The intrinsic absorbing gas is readily visible as two 
separate complexes outlined in red. Corresponding absorption 
in Ly/3 is weak at best. 

the overall emission-line profile, since the O VI absorption is so 
highly blueshifted, little of the intrinsic absorption falls in the 
region of the line profile with the most dramatic changes. Thus 
the overall optical depth of the absorption lines is roughly the 
same as in the baseline model. 

D. We also considered a model with no narrow emission-line 
component. As in the baseline model, individual O VI lines 
within a complex have the same velocity widths and covering 
fractions. This model provides a significantly worse fit than the 
baseline, but the measured O VI column densities and covering 
fractions are the same as the baseline model to within the error 
bars in Table |2l 

E. This model has narrow-line emission with line ratios fixed 
at 2:1, but here we assume that the intrinsic absorption does 
not obscure the narrow-line emission at all. As in the baseline 
model, individual O VI lines within a complex have the same 
velocity widths and covering fractions. Again the O VI column 
densities are lower, but they are not significantly different from 
those of the baseline model. 

F. In this model we also assume that the intrinsic absorption 
does not absorb the narrow-line emission, but we fix that emis- 
sion at a ratio of 1 : 1 . As in the baseline model, individual O VI 
lines within a complex have the same velocity widths and cov- 



ering fractions. Again we find no significant variation from the 
results of our baseline model. 

The overall properties of these various emission-line profile 
models are summarized in Tablels] For the O VI components 1 
and 2 we list the total column density from the fit, the velocity 
of the strongest feature in each component, the best-fit widths 
of the absorption lines, and the best-fit covering fractions. The 
comparative summary for component #1 is listed first in the 
table, followed by the summary for component #2. 

Fig.|2]graphically illustrates our best fit to the O VI and Ly/3 
region of the FUSE spectrum. Using our model for the underly- 
ing emission and the foreground Galactic absorption, we divide 
this into the data to produce a normalized spectrum that is cor- 
rected for the effects of foreground Galactic absorption. This 
normalized spectrum is shown in velocity space surrounding 
the two absorption line complexes in O VI and Ly/3 in Fig.|3l 
Since the relative oscillator strengths of the blue and red lines 
in the O VI doublet have roughly a 2:1 ratio, one would expect 
the red line to have a depth that is half that of the blue line 
in optically thin gas, and an equal depth in optically thick gas. 
From the normalized spectrum it is readily apparent that the 
equal depths of the red and blue lines in Component #1 imply 
that the absorption is heavily saturated. However, since the line 
cores are not black at their centers, we also can see that the ab- 
sorbing gas does not fully cover the underlying emission. The 
covering fraction is only ^ 50%. Our fits may underestimate 
the total column density in this absorption complex. The lack 
of visible damping wings on the line profile permits us to set 
an upper limit of 1.5 x lO^'* cm^^ on the O VI column of this 
component. This upper limit is reflected in the error bar that we 
assign to the strongest line in Component #1 in Table|2] The rel- 
ative depths of the red and blue lines in Component #2 are not 
quite equal, but they also are not at an optically thin ratio. This 
component is approaching saturation, but is not yet optically 
thick, and so its total column density is better determined. 



4. Discussion 

As typical for Seyfert 1 galaxies viewed at high spectral res- 
olution in the far-ultraviolet, we see complex, multiple ab- 
sorption lines from highly ionized O VI. Although Ly/3 ab- 
sorption in the FUSE spectrum is weak or absent, there are 
Lya absorption lines in the FOS spectrum of NGC 7469 ob- 
tained in 1996 at systemic velocities of —1870 ± 17 kms^^ 
and -656 ± 24 kms"^ (Kri ss et al. 200 0?). very close to the 
velocities of Components #1 and #2, so there is some mini- 
mal neutral hydrogen column. The high O VI to H I column- 
density ratios for both components imply very highly ionized 
gas consistent with those typical of X-ray warm absorbers 
and similar to the highest ionization component in Mrk 509 
(iKriss et al. 2000bt . However, only Component #1 has veloc- 
ities comparable to those of higher ionization states of O VII 
and O VIII (-900 ± 100 kms~^) as seen in the XMM-Newton 
grating spectrum of NGC 7469 (IBlustin et al. 2003> . The up- 
per limit on the O VI column density measured in the XMM- 



6 Kriss et al. : FUSE spectrum of NGC 7469 



Table 3. Summary of properties of absorber models for NGC 7469 



Model/Component 




iNovi 


ZiV 


rWrlM 


£ 

u 






yWj cm ) 


(km s ) 


(km s ) 




A/1 


604.0/344 


772 ±172 


-569 ±4 


25 ± 2 


0.53 ±0.05 


B/1 


596.9/332 


797 ±317 


-572 ± 5 


24 ±6 


0.54 ±0.06 


C/1 


613.1/344 


820 ± 217 


-569 ± 4 


24 ± 2 


0.51 ± 0.04 


D/1 


747.5/344 


933 ± 244 


-572 ± 3 


24 ±2 


0.50 ± 0.04 


E/1 


622.1/344 


758 ± 163 


-569 ±3 


25 ± 2 


0.56 ± 0.05 


F/1 


616.1/344 


815 ± 195 


-569 ±4 


24 ±2 


0.54 ±0.04 


A/2 


604.0/344 


806 ± 59 


-1898 ± 1 


29 ±1 


0.93 ± 0.03 


B/2 


596.9/332 


795 ± 233 


-1898 ±3 


30 ±5 


0.93 ± 0.03 


C/2 


613.1/344 


750 ± 55 


-1898 ± 1 


29 ± 1 


0.95 ± 0.03 


D/2 


747.5/344 


680 ± 58 


-1898 ± 1 


29 ± 1 


0.97 ± 0.04 


E/2 


622.1/344 


1020 ± 96 


-1895 ± 1 


27 ± 1 


0.90 ± 0.02 


F/2 


616.1/344 


993 ± 98 


-1895 ±1 


27 ±1 


0.90 ±0.02 



Velocity is relative to a systemic redshift of cz — 4916 km s ^ Ide Vaucouleurs et al. 199l1 



Table 4. Photoionization models for the absorbers in NGC 7469 



U logNtot N(HI) N(OVI) N(OVII) N(OVIII) N(CIV) N(NV) 

(cm-2) (cm^^) (cm"2) (cm^^) 



6.0" 


20.55 


1.1 X 10" 


8.0 X lO" 


7.3 X 10^*^ 


1.3 X lO" 


1.1 X 10^^ 


1.0 X lO" 




Observed: 


(8.0 ±4.2) X 10" 


(8.0 ±3.0) X 10" 


X lO^^ 


X 10^^ 






0.2*^ 


18.58 


6.9 X 10^^ 


5.5 X 10" 


8.2 X 10" 


2.0 X 10^^ 


2.4 X 10" 


4.3 X 10" 




Observed: 


(2.1 ±4.8) X 10^^ 


(8.0 ±2.3) X 10" 


< 3 X 10^^ 


< 3 X 10^^ 






0.08^= 


18.58 


2.0 X 10" 


6.7 X 10" 


8.7 X 10" 


2.9 X 10^^ 


5.7 X 10" 


7.2 X 10" " 



" This model is our best match to Component #1. 
^ This model is our best match to Component #2. 

This model corresponds to Component #2 at the epoch of the 1996 EOS observations. 
^ Eor a Doppler width of 100 km s~^, the blue line in the doublet would have an equivalent width of 0.20 A. 
° Eor a Doppler width of 100 km s^ ^ , the blue line in the doublet would have an equivalent width of 0. 16 A. 



Newton grating spectrum of < 10^^'^ cm ^ is consistent with 
the column densities measured in the FUSE spectrum. 

To test whether the same gas is responsible for both the UV 
and the X-ray absorption in component #1, we computed pho- 
toionization models similar to those used by Krolik & Kriss 
(1995, 2001). These models cover a grid in total column den- 
sity ranging from Ntot = 10^^ to 10^^ cm~^, and in ioniza- 
tion parameter from U ~ 0.05 to 10.0, where U is the ra- 
tio of ionizing photons in the Lyman continuum to the local 
electron density. For the illuminating spectrum in our models, 
we used two different spectral energy distributions. The first, 
SEDl, is the same as that described by fCriss et al. (2000a), 
which is based on the simultaneous lUE, FOS, and RXTE ob- 
servations of NGC 7469 performed in 1996. We show SEDl 
as a solid line in Fig. |3 The second spectral energy distribu- 
tion, SED2, is based on the current FUSE spectrum presented 
in this paper and the XMM-Newton spectrum from Blustin et 
al. (2003). At long wavelengths we assume oc v^^, as in 
SEDl. At 2500 A, this breaks to oc to match the 

FUSE spectrum. At X-ray energies, we use the energy index 



of 0.7 from the XMM-Newton spectrum to span the 0.5 keV 
to 100 keV. At higher energies we use a steeper index of 2.0 
to prevent divergence in the total ionizing flux. From 50 eV 
to 0.5 keV, the steep fi, oc v^^-^^ is a reasonable match to 
the soft excess seen in the XMM-Newton data. The FUSE and 
XMM-Newton data were not obtained simultaneously, and so 
we normalize the X-ray continuum relative to the UV con- 
tinuum by choosing = 1-34, the same value used by 
Kriss et al. (2000a) based on the 1996 simultaneous observa- 
tions. SED2 is the dashed line shown in Fig. @] For compari- 
son, we show the absorption-corrected UV and X-ray fluxes at 
2120 A and 2 keV, respectively, as observed with XMM-Newton 
(I Blustin et al. 2003> . These data have aox = 1.33 ± 0.02, and 
they are consistent with SED2. 

After examining the results of our modeling, we find that 
none of the models using SEDl achieves sufficiently high ra- 
tios of O VI, O VII, and O VIII relative to H I to match flie 
values observed in our spectra. For SED2, we do find a solu- 
tion that is compatible with our observations. This model has U 
= 6.0 and log Ntot = 20.55. The predicted column densities for 
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Fig. 3. The normalized line profiles in the upper panels show 
intrinsic O VI A1032 (the soHd blue line) and O VI A1038 (the 
solid red line) absorbing components 1 and 2. These data are 
binned at 0.05 A, and foreground Galactic absorption features 
have been divided out. The normalized profiles in the lower 
panels show the corresponding location in velocity space of ex- 
pected Ly/3 absorption, which is not definitively detected. Rep- 
resentative error bars at the velocity centroid of each compo- 
nent are shown. 

ions of interest are summarized in Table 0] where we compare 
them to the observed column densities. Note that C IV and N V 
are virtually invisible in this model, and, indeed, no absorption 
from these ions was seen by Kriss et al. (2000a) in the 1996 
FOS spectrum at the velocity of component #1. 

For Component #2, the required column density and ioniza- 
tion level is substantially lower We obtain a reasonable match 
to the observed O VI and H I column densities for U = 0.2 and 
Ntot = 18.58, as also shown in Table0] The predicted column 
densities for C IV and N V in this model are also rather low, 
although easily detectable. We note that the UV continuum in 
the current FUSE observation is a factor of 2.1 x brighter than 
that observed with the FOS in 1996. If we assume that any 
variations since then are simply due to changes in flux with a 
constant column density of absorbing gas, then we would have 
expected the gas in 1996 to be responding to an ionization pa- 
rameter of U — 0.08. This would then predict C IV and N V 
column densities of 5.7 x 10^"^ cm^^ and 7.2 x 10^^ cm~^, 
respectively, with corresponding equivalent widths of the blue 
components of each doublet (for optically thin gas) of 0.2 A 
and 0.16 A. While these are still lower than the observed val- 
ues in the FOS spectrum, (0.45 ± 0.05 and 0.48 ± 0.08 A for 
C IV and N V, respectively) given the uncertainties in the spec- 
tral energy distribution and other potentially variable factors, 
we find the agreement quite good. 

The covering fraction and line depth of Component #1 is 
consistent with its absorbing only the continuum flux and none 
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Fig. 4. Spectral energy distributions used for photoionization 
models of absorbing gas in NGC 7469. SEDl, based on Kriss 
et al. (2000), is the solid line. SED2, based on the spectrum in 
this paper, is the dashed line. The curves are normalized so that 
SED2 matches the extinction-corrected flux at 1000 A in the 
FUSE spectrum. The points with error bars showing the UV 
and X-ray fluxes as observed with XMM-Newton are consistent 
with SED2. 

of the emission-line flux in NGC 7469. Its high ionization pa- 
rameter, and its likely identification with the same gas respon- 
sible for the X-ray absorption suggests that it is much higher 
ionization than Component #2. Taken together, these points im- 
ply that Component #1 lies very close to the central engine, 
possible interior to the broad emission line region. This would 
favor its association with an accretion disk wind, rather than a 
thermally driven wind emanating from the obscuring torus. In 
constrast, the high covering fraction of Component #2 clearly 
places it exterior to both the BLR and continuum regions as 
would be expected for the thermally driven winds of Krolik & 
Kriss (1995; 2001). Overall, in this one object we may be see- 
ing absorption from both a torus wind and a disk wind. 

5. SUMMARY 

Our high-resolution far-ultraviolet spectrum of NGC 7469 ob- 
tained with FUSE shows broad emission lines of C III, N III, 
O VI, and He II, as well as possible emission from S IV 
AA1062, 1072. Intrinsic absorption in the O VI AA1032, 1038 
resonance doublet arises in two distinct kinematic components 
at systemic velocities of —569 kms^^ (Component #1) and 
— 1898 kms^^ (Component #2). Both components are very 
highly ionized with no significant Ly/3 absorption detected at 
either velocity. Component #2, although highly ionized, has a 
lower total column density than Component #1, and it is con- 
sistent with having no associated X-ray absorption. It covers 
more than 90% of both the continuum and broad-line emission. 
Component #1 at —569 kms^^ is the best match in velocity to 
the highly ionized X-ray absorbing gas detected in the XMM- 
Newton grating spectrum of NGC 7469 (iBlustin et al. 2003> 
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at a blueshift of 900 ± 100 kms"'^. Photoionization models 
for Component #1 show that for a total column density of 
]^q20.55 cm~^ and an ionization parameter ofU = 6.0, the col- 
umn densities of H I, O VI, O VII, and O VIII in the FUSE and 
the XMM-Newton spectra can all be reproduced. Component #1 
also has an extraordinarily low covering fraction of 0.5, and is 
consistent with covering only the continuum emission and none 
of the broad-line emission. This suggests that it might arise in 
an accretion disk wind interior to the broad line region. 
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